Abstract: Draught fan is the main auxiliary equipment in the thermal power plant. With the increasing of the capacity and dimensions of the auxiliary equipment, the torsional vibration of the shafts becomes serious.This paper founds a mathematical model about the shafts,and a finite element model is built by applying the finite element analysis software ANSYS. By changing the wheel dimensions of the model, such as the wheel diameter, the paper calculated the natural frequencies and the vibration mode of the torsional vibration of the shafts. Results showed that the natural frequency will decrease as the wheel diameter becomes large, and the change of vibration mode is not so obvious. This model is simple and the calculation results are reliable. The method is helpful for engineering application of the design of the rotor.
Introduction
With the development of electric power industry in our country, the unit capacity becomes large-scale. The corresponding capacity and size of the assistant auxiliary equipment is increasing, and its structure is more complex [1] . After the variable frequency retrofit of the auxiliary, many faults occur, such as the blade fracture, large shaft fracture, coupling damage, etc [2] . How to analyze the harm level that the torsional vibration brings to the shafting key parts and taking effective measures to suppress torsional vibration fault, is the main task of the torsional vibration study. Inherent property calculation of the shafting is the precondition of torsional vibration analysis. By means of ANSYS software, this paper changes the rotor geometric structure of the finite element model, and then analyzes its impact on shafting natural frequency and vibration mode.
The mathematical model building of the shaft's torsional vibration

The establishment of the torsional vibration differential equation
The building of the mathematical model is the precondition of calculating shafting inherent characteristics, and is the basis for the calculation of shaft torsional vibration response. This paper establishes a coordinate system, and coordinate axis is in the center of the shaft line, labeled x axis. The rotation angle of the axis is set to ( , ) x t

. Among them, x is the axial coordinates, and t is the time coordinate. In the direction of the positeve x axis, the clockwise direction is positive, whereas the opposite is negative, as shown in figure. 1. The establishment of the differential equation is based on continuous quality model [3] .
For fixed axis rotation of rigid body, the final torque is equal to the multiply of the moment of inertia and the angular acceleration .That is:
In which, ρ is the density of material, A is the cross-sectional area, r is shaft radius, M is the internal torque, q (x, t) is the additional distribution torque, MD is the damping torque per unit length. The torque calculation formula is:
Where G is the shearing modulus of elasticity, IP is the inertial torch. Putting (2) into(1), the result is as follows.
The formula (3) is the the torsional vibration differential equation which this paper builds.
The calculation of the natural frequencies and the vibration mode
Assuming that, the additional torque q (x, t) = 0, without considering the influence of damping, The equation (3) can be written as:
In which,
The approach is the same as the limited multi degree of freedom system, it assumes that the each point of shaft does the synchronous movement, namely, each cross section passes the equilibrium position at the same time, and reaches the maximum at the same time. Meanwhile the vibration shape does not depend on time. Therefore, for Eq. (4) ,the free torsional vibration has the solution in form of separation of variables.
The general solution is as follows:
Where A and B are undetermined constants, being determined by boundary conditions. Eq.(5) reflects the vibration form of the shaft, ( ) x  is named modal function,  is named the natural frequency.
According to the reverse hooke's law (
The boundary conditions of the whole shaft: M=0. ( ) 0 M   , its solution is the each order natural frequencys of the shafting torsional vibration. The vector value of  is the torsional vibration mode of the shafting [4] .
The finite element analysis of shafting torsional vibration inherent characteristic
A kind of relatively complex shafting, mostly can be simplified for multi-wheel rotor [5] .In this paper, ANSYS software and finite element method are applied to the calculation and research of the multi-wheel shafting torsional vibration characteristics, so that we can find the inherent law of multi-wheel shafting torsional vibration from the data. With the ANSYS software, the shafting torsional vibration gets analyzed. The analysis steps are as follows.
(1)Establishment of the finite element model Including the definition of the unit type, real constant, material properties, creating nodes and unit, etc. The finished model will be allocated the unit attribute and be meshed. In this paper, the finite element model choses three kinds of unit types, including Beam188, mass21 and combin214.
Beam188 unit can be used to simulate rotation. Mass21 unit can be used to simulate the wheel unit.Combin214 unit is used to simulate the bearing. Finite element model of shaft system is shown in figure. 2. (2) Loading and Solving Define the type of analysis and analysis options, add constraints, limit degree of freedom, and solve the inherent frequency.
(3) Extension mode Extension mode can help to get full mode. To observe mode in the general postproc, we must conduct extension mode firstly [6] .
(4) Observations The related analysis results can be observed in post1, analysis includes: 1) Natural frequency; 2) Extension mode.
The influence on the inherent characteristics of torsional vibration from wheel diameter
In order to compare the influence on torsional vibration natural frequency from different wheel diameter size of shafting, this paper calculates each order natural frequency, using finite element method, about the different diameter of the wheel rotor.
Conditions for calculation are as follows: (1) The Block Lanczos method of modal is adopted in ANSYS modal analysis. This paper extracts first eight order natural frequency of shaft torsional vibration from different wheel diameter. The results are shown in table 1.
As can be seen from table 1, first, each order natural frequency of multi-wheel shaft torsional vibration decreases with the increase of the wheel diameter size. Second, for the same order of the torsional vibration natural frequency, with the increasing of wheel diameter size, the change extent of torsional vibration natural frequency becomes smaller. Taking the first order for example, the difference value of natural frequency between d1 and d2 is 12.201 HZ. While it is 8.356 HZ between d2 and d3.Third, the size of the wheel diameter, has a great influence on the low order natural frequency of torsional vibration, whereas it does a little influence on the high order natural frequency of torsional vibration. For example, the difference value among the first order is no less than 8 HZ, however, it is no more than 2 HZ among the eighth order. This kind of phenomenon, especially the change of the low order natural frequency, has the extremely important guiding significance for avoiding critical rotational speed [7] . By optimizing the shaft wheel structure, it provides reliable basis for avoiding resonance. 3.2. The influence on the torsional vibration mode from the wheel diameter
The observation of the torsional vibration modes is good to analyze the stress of torsional vibration and to know the detailed process of torsional vibration, which has guiding significance for taking reasonable vibration reduction measures [8] . After the extension of modal analysis, each order modal comes out. From figure 3 to figure 6 , it shows the first order mode to the fourth from different wheel diameter.
As can be seen from the figure.3 to figure.6, torsional vibration mode basically equals each other in the same order. In conclusion, the size of the wheel diameter almost has no effect on shafting torsional vibration modal. 
Conclusion
(1) In the aspects of analyzing torsional vibration modal, this software, ANSYS, has many advantages. Its calculation results are accurate, comprehensive and reliable.
(2) The size of the wheel diameter has significant impact on torsional vibration natural frequency of the shaft.
(3) The size of the wheel diameter almost has no impact on torsional vibration mode of the shaft. (4) The grid becomes more complicated, and the size of the auxiliary equipment increases gradually, which results in the decreasing of the each order natural frequency of torsional vibration. This phenomenon will cause the synchronization resonance easily. In summary, the frequency range should be expanded to avoid the synchronization resonance, and the shafting rotor of the draught fan should be designed reasonably.
